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A new recipe based on a CR-SBR blend is required to
meet  the  needs  of  a  novel  application.  The  Expeka
Method is used to find the best formulation regarding
fifteen responses comprising the physical properties of
the cured compound, the process-ability of the green
compound  as  well  as  formulation  costs.  The
Experimentation consists of 30 different formulations
in which various carbon black and non-black fillers
are tried while the curing system is thoroughly varied.
Optimal  formulations  for  Dynamic  Properties  and
Maximal Tear & Wear Resistance are discovered. 

Compound Processing

A laboratory-scale  two-step  mixing  process  is  used
and kept  constant  to  prepare  the  samples.  The anti-
degradant  package  is  fixed,  and  the  process  oil  is
varied  in  quantity  only.  Different  Carbon Black  are
quantified  by  size  and  structure,  while  Non-Black
fillers are quantified by size alone.

The Study

The customers want to understand the effect of fifteen
ingredients including carbon black, non-black fillers,
and curing system on fifteen responses including tear
resistance,  wear  resistance,  dynamic  properties,  and
rheological properties to be able to uncover the best
recipes.

 
It is to be noted that only the ingredients will be varied
and  that  the  specifications  of  quantity  for  the
ingredients are set to include a zero value to allow for
permutation.

Factors

The following table lists  the  15 selected factors,  ID
and the class to which they relate. The components of
the curing system are labeled for confidentiality.

CLASS ID FACTOR

POLYMER A POLYCHLOROPRENE RUBBER

B STYRENE BUTADIENE RUBBER

CARBON
BLACK

C BLACK_PHR

D BLACK_SIZE

E BLACK_STRUCTURE

NON-
BLACK

F NON_BLACK_PHR

G NON-BLACK_SIZE

PROCESS
AID

H PROCESS OIL

CURING
SYSTEM

I ACTIVATOR TYPE A

J ACTIVATOR TYPE B

K ACCELERATOR TYPE A

L ACCELERATOR TYPE B

M ACCELERATOR C

N VULCANIZATION AGENT A

O VULCANIZATION AGENT B

The high number of  ingredients  and their  suspected
interactions makes it difficult, if not impossible, to get
usable  and  reliable  results  using  a  traditional
Experimental  Design  (DoE)  approach.  The  Expeka
Method offers a more adapted alternative.

Experimentation

Since our customer has previous experience with CR-
SBR  blend,  partial  historical  data  is  available. 8
known recipe  can  be  used  as  a  temporary  stepping
stone for the Expeka Method. It is important to note
that those tests won’t be considered in the final models
and will be replaced by fresh results as the experiment
progress.  Each  formulation  is  selected  using  the
Expeka  Method  and  expert  judgment.  The  Mixing
process comprised of an intenal  mixing phase and a
milling phase are kept constant and testing for various
characteristics  is  are  performed  on  press  cured
samples.

Thirty  formulation  samples  are  mixed  and  tested,
yielding enough data over a wide range of values to
effectively and confidently build predictive models for
each of the 15 responses.



Modeling

Best  predictors  of  each  response  are  searched  for
explaining  the  compound  behavior  and  predicting
future value. Two optimization scenarios are sought:
One  designed  to  prioritize  Tear  Resistance  and  the
other designed to prioritize Abrasion Loss. 

In  the  case  of  Tear  Resistance,  the  significant
predictors  are  as  follow:  The percentage  of  Styrene
Butadiene Rubber (B) and the Combination of Black
Size  and Structure (DE) have  a negative  coefficient
while the Black Size (D), the Non-Black Filler Size
(G) and the combination of Non-Black Filler phr and
the  Non-Black  Filler  Size  (FG)  have  a  positive
coefficient  in  the  predictive  model  for  the  Tear
Resistance.

Significant Predictors of Tear Resistance

The graphic shows that the Tear Resistance response is
mainly  influenced  by  five of  the  fifteen  studied
factors. The resulting model yield an R2 of  90%, Rp2

of 86%, and a VIF of 1.2. This model is used to find a
the optimal recipe for this particular application that
require a high Tear Resistance.

For Abrasion  Loss,  the significant  predictors  with a
positive coefficient are the combination of the Carbon
Black phr and the Non-Black Filler Size (CG) as well
as  the  combination  of  the  Carbon  Black  Size  and
Structure (DE). The Carbon Black phr (C) and Size
(D) as well as other combinations (CE, CH,DE) have a
negative coefficient in the predictive model.

Significant Predictors of Abrasion Loss

The graphic shows that the Abrasion Loss response is
mainly  influenced  by  five  of  the  fifteen  studied

factors. The resulting model yield an R2 of 95%, Rp2

of 92%, and a VIF of 1.7. This model is used to find a
the optimal recipe for this particular application that
require a low Abrasion Loss.

Conclusion

Reliable Models of the 15 responses have been found
and  can  be  used  to  address  both  optimization
scenarios.  Best  recipes that meet all  rheological  and
physical  properties  are  found  by  the  customer  and
validated by a confirmatory run.

About the Expeka Method

The  Expeka  Method  is  a  systematic  approach  to
experimentation  facilitating  the  investigation  and
understanding  of  complex  processes  like  rubber
Mixing  and  Compounding.  Its  AI-supported
algorithms  are  used  to  guide  experiments  by
suggesting  the  best  combinations  of  factors  that
maximize  new  information  and  help  define  the
boundaries of the process. It  can be useful in a new
compound  development,  modifications  to  existing
compounds,  scale-ups  and  solving  mixing  and
processing problems.

Results from each new test are taken into account for
the  selection of  the  next  test  to  be  performed.  This
interactive approach helps reduce the number of tests
required to achieve a sufficient understanding of the
process factors and their interactions.

The  resulting  data  set  contains  all  the  information
required to create predictive models of the process and
identify  the  relations  between  the  variables  and
responses to address or eliminate problems.

The  Expeka  Method  is  a  powerful  tool  to  study,
control, and understand the complex processes of the
Rubber Industry. 

This text is intend is to provide a brief explanation of
the  Expeka  Method  and  its  possible  use  cases.  We
have omitted many of its characteristics and features
for brevity. Please Contact us to get more information.

 

Email : compounding@expeka.com
Website : www.expeka.com 
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